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SECTION  1 


EXECUTIVE  SUMMARY 


1.1  INTRODUCTION 

This  report  presents  the  results  of  the  Energy  Engineering  Analysis 
Program  conducted  by  Roy  F.  Weston,  Inc.  at  the  Aberdeen  and 
Edgewood  Areas  of  Aberdeen  Proving  Grounds  under  Contract 
No.  DACA-65-84-C-0105.  The  study  includes  evaluation  of  boiler 
and  chiller  plant  performance  by  tests,  identification  and  analysis 
of  specific  efficiency  improvements,  evaluation  of  existing  equip¬ 
ment  condition  and  maintenance  procedures,  and  project  development 
and  documentation  preparation . 

The  report  consists  of  six  volumes-—  one  set  of  three  for  the 
Aberdeen  Area  and  one  set  of  three  for  the  Edgewood  Area.  Each 
set  consists  of: 

Volume  I:  Survey  and  Test  Results 

Volume  II:  Evaluation  of  Energy  Conservation  Opportunities 

Volume  III:  Appendix 

Volume  I  contains  results  of  the  field  survey  and  tests  performed 
on  the  boiler  and  chiller  plants.  The  report  evaluates  the  con¬ 
dition  of  existing  equipment  and  highlights  specific  efficiency 
improvements.  Volume  II  contains  detailed  calculations  for  the 
various  energy  conservation  opportunities.  Volume  III  contains 
the  life  cycle  cost  analysis  for  all  applicable  energy  conservation 
opportunities . 

1.2  HISTORICAL  ENERGY  CONSUMPTION 


Table  1.1  and  1.2  summarizes  the  total  annual  fuel  oil  and  electric 
consumption  for  Aberdeen  and  Edgewood  for  FY  1984.  A  total  of 
15,272,456  gallons  of  fuel  oil  and  141,463,804  kWh  electricity 
were  required  from  October  1983  to  September  1984.  Fuel  oil  con¬ 
sumption  for  FY84  was  10.75%  higher  than  for  FY83  and  electric 
consumption  was  up  6.59%  over  FY83.  Since  this  study  is  restricted 
to  specific  boiler  and  chiller  plants  as  mentioned  in  the  scope  of 
work,  it  is  helpful  to  summarize  the  annual  fuel  oil  consumption 
in  those  specific  boiler  plants.  Table  1.3  lists  the  annual  fuel 
consumption  for  Aberdeen  Area  and  Table  1.4  lists  the  same  for  the 
Edgewood  Area.  No  electric  metering  was  available  for  individual 
buildings . 

1.3  FINDINGS 

The  work  done  was  performed  in  two  phases.  The  first  phase  involved 
site  visits,  data  collection  and  performance  tests  on  the  boiler 
and  chiller  plants.  Volume  I  summarizes  these  results.  The  second^ 
phase  involved  evaluation  of  various  energy  conservation  opportunities 
(ECOs)  and  economic  analysis. 
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TOTAL  FUEL  OIL  (GALLONS)  CONSUMPTION  FOR  FY  '84 
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TOTAL  ELECTRICITY  CONSUMPTION  FOR  FY  '84 
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TABLE  1.3 


ANNUAL  FUEL  OIL  CONSUMPTION  FOR  FY84 
FOR  ABERDEEN  AREA 


Building  #  Tank  Size 


338 

1-15,000 

345A 

1-100,000 

345B 

1-200,000 

345C 

1-70,000 

455 

1-10,000 

507 

1-10,000 

525 

1-15,000 

629 

1-10,000 

1064 

1-10,000 

2312 

1-10,000 

2352 

1-10,000 

2377 

1-10,000 

2431 

1-8,000 

2457 

1-8,000 

2483 

1-8,000 

2502 

1-15,000 

2757 

1-13,000 

2915 

1-10,000 

3031 

1-8,000 

3062 

2-10,000 

3070A 

1-25,000 

3638 

1-10,000 

4119 

1-15,000 

4219 

1-12,000 

1-15,000 

4304 

1-10,000 

4305 

1-10,000 

5033 

1-10,000 

5043 

1-20,000 

5206 

1-10,000 

5258 

1-4,000 

5413 

1-2,000 

5454 

1-12,000 

Source:  Utilities  Division,  Mr.  Larry  Taylor 


Annual 
Fuel  Oil 
Consumption 
(Gals. ) 


84.338.2 
220,032.9 
675,674.0 

759.972.1 

68.344.8 
101,009.1 

119.629.4 
25,087.4 
53,776.0 

67.994.2 

71.237.6 

29,826.0 

25.893.3 

31.582.6 
40,027.9 

153.740.7 

146.336.8 
163,726.7 

35,401.0 

147.150.2 
113,020.7 

71.143.9 

151.377.2 

278.887.5 

59.515.7 

86,201.1 

113.650.6 

45.394.3 
105,739.5 

23,037.3 

10,815.2 
35. 386.  R 

4,114,950.7 
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TABLE  1.4 


ANNUAL  FUEL  OIL  CONSUMPTION  FOR  FY84 
FOR  EDGEWOOD  AREA 


Building  # 

E1574 

Tank  Size 

Annual 
Fuel  Oil 
Consumption 
( Gals . ) 

3-8,000 

126,693.7 

E2100 

1-20,000 

141,549.7 

E3148 

2-15,000 

7,081.5 

E3302 

1-60,000 

328,895.1 

E3312 

2-50,000 

2,812,006.0 

E4160 

1-100,000 

2-14,000 

323,766.2 

E5126 

2-100,000 

3,958,560.9 

E5828A 

2-8,000 

124,671.8 

E6560 

1-15,000 

249  ,.918.7 

8,073,143.6 

Source:  Utilities  Division,  Mr.  Larry  Taylor 
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A  list  of  Energy  Conservation  Opportunities  (ECOs)  to  be  investi 
gated  is  contained  in  the  Scope  of  Work.  This  list,  along  with 
previous  energy  conservation  retrofit  experience  and  the 
observations  and  data  obtained  from  the  site  visits,  provided 
a  basis  for  a  list  of  ECOs  to  be  quantitatively  analyzed.  The 
opportunities  involved  are: 

Boiler  Plant 


o  Boiler  Economizer 
o  Boiler  Trim  Controls 
o  Combustion  Air  from  Ceiling 
o  Blowdown  Controls 
o  Installation  of  New  Burners 
o  Boiler  Operation  Optimization 
o  Reduce  Steam  Pressure 
o  Reduction  in  Make-up  Water 
o  Variable  Speed  I.D.  Fans/Blowers 
o  Air  vs.  Steam  Atomization 
o  Boiler  Replacement  Study 

Chiller  Plant 

o  Chilled  Water  Temperature  Reset 
o  Condenser  Water  Temperature  Reset 
o  Small  Chiller  Application 
o  Free  Cooling 

o  Automatic  Variable  Pitch  Tower  Fans 
o  Variable  Speed  Tower  Fans 
o  Chiller  Operation  Optimization 
o  Cycling  Circulating  Pumps 
o  Condenser  Water  Treatment 
o  Variable  Speed  Chilled  Water  Pumps 
o  Chiller  Replacement  Study 

Tables  1.5  and  1.6  show  dot  matrices  for  the  Aberdeen  and  Edgewood 
areas  which  illustrate  the  applicable  buildings  for  each  ECO. 

Based  on  the  energy  calculations  and  financial  analysis,  (Volume  II 
and  III),  a  list  of  all  projects  having  SIR>  1  is  summarized  in 
Tables  1 . 7  and  1 . 8  for  the  Aberdeen  and  Edgewood  areas ,  respectively 
Some  of  the  ECOs  are  synergistic  with  others  and  totalling  all 
the  savings  figures  will  result  in  double-dipping.  To  avoid  this, 
only  those  ECOs  that  will  not  lead  to  double-dipping  are  recommended 
For  example,  condenser  water  temperature  reset  and  variable  speed 
tower  fan  drives  result  in  similar  savings  and  only  the  one  with 
the  higher  SIR  value  is  recommended.  Also,  projects  having  SIR 
value  close  to  unity  and  projects  having  payback  of  more  than 
10  years  are  not  recommended. 

Volume  II  of  the  report  also  highlights  the  state  of  maintenance 
at  the  two  bases  and  includes  operation  and  maintenance  recommend¬ 
ations  that  should  be  followed. 
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TABLE  1.5  ENERGY  CONSERVATION  OPPORTUNITIES  MATRIX 
(ABERDEEN  AREA) 
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Energy  Engineering  Analysis  Program 
Location:  APG,  Aberdeen  Area 
Equipment  Boiler  Plants 
Updated:  October  1985 


Note:  •  Denotes  EDO's  Applicable 

^Indicates  Boiler  is  Either  Obsolete  or 
New  Boiler  is  Being  Installed  (See  Remarks) 


f  ENERGY 

CONSERVATION  OPPORTUNITIES 


/#/  /i//u/^/  M/t/ 


Installation 

#  345  -  Boiler  No.  1 

DDDDD 

Boiler  No.  2 

DBDBD 

Boiler  No.  3 

BBBBB 

#  525 

□□□□□ 

#  507  -  Boiler  No.  1 

□□□□□ 

Boiler  No.  2 

BBBBB 

Boiler  No.  3 

BBBBB 

#  2502  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

Boiler  No.  3 

BBBBB 

#  3638  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

#  4119  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

Boiler  No.  3 

BBBBB 

#  4219  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

Boiler  No.  3 

BBBBB 

Boiler  No.  4 

BBBBB 

#  4305  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

#  338  -  Boiler  No.  1 

BBBBB 

Boiler  No.  2 

BBBBB 

/WWfmif/m 

/  r9  /;•$*/ /vP /r^  /  ^ /  cy/^  / er/ 
f /P  /So  / / cr/  Oi  / ^ ^ /cfr  / 

/t/^/ 


Remarks 
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Energy  Engineering  Analysis  Program 
Location:  APG,  Aberdeen  Area 
Equipment  Boiler  Plants 
Updated:  October  1985 


Note;  •  Denotes  EDO’s  Applicable 

A  Indicates  Boiler  is  Either  Obsolete 
or  New  Boiler  Is  Being  Installed  (See  Remarks) 


f  enirgy 

CONSERVATION  OPPORTUNITIES 


/ / ¥/ If/m/iMi/P 


£/r?/-f/r9/g/S/S, 


m.i> 


Installation 

#  455  -  Boiler  No.  1 

Boiler  No.  2 

DDDHinni 

#  629  -  Boiler  No.  1 

DDDHinno 

Boiler  No.  2 

BDDHnnn 

#  2377  -  Boiler  No.  1 

DDDHinna 

Boiler  No.  2 

DDDIDHHHI 

#2312  -  Boiler  No.  1 

DDonmno 

Boiler  No.  2 

DDDinnm 

Boiler  No.  3 

BOBMIMW 

#  2483  -  Boiler  No.  1 

□□□□□□□□□□□ 

Boiler  No.  2 

□□□□□□□□□□a 

#  2431  -  Boiler  No.  1 

BBBBBBBBBBI 

Boiler  No.  2 

BBBBBBBBflIB 

#  2457  -  Boiler  No.  1 

BBBBBBBBBBI 

Boiler  No.  2 

□DDDDDDBEKaO 

BBBIIIIBIII 

#  3062  -  Boiler  No.  1 

Boiler  No.  2 

BBBIIBIIIII 

#  3031  -  Boiler  No.  1 

BBBIIIIBIII 

#  5033  -  Boiler  No.  1 

BBBIBIBIIIB 

Boiler  No.  2 

BBBBBIBIIII 

#  5206  -  Boiler  No.  1 

BBBIIIIIIIB 

Boiler  No.  2 

BBBIBIIIIII 

#1064 -Boiler  No.  1 

Boiler  No.  2 

Remarks 


May  be  replaced. 


Obsolete  unit  is  to 
be  replaced. 


Obsolete  unit  is  to 
be  replaced. 


TABLE  1.5  (CONTINUED) 


1-9 


TABLE  1.5  (CONTINUED) 


TABLE  1.6  ENERGY  CONSERVATION  OPPORTUNITIES  MATRIX 
(EDGEWOOD  AREA) 
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Energy  Engineering  Analysis  Program 
Location.  APG,  Edgewood  Area 
Equipment:  Boiler  Plants 
Updated:  October  1985 


Note:  •  Denotes  EDO's  Applicabte 

.Aindi  cates  Boiler  is  Ertier  Obsotete  or 
New  Borier  is  Being  tnsaHec  tSee  Remarlts) 


Installation 


f  ENERGY 

CONSERVATION  OPPORTUNITIES 


f 


/sSo  /  /  ff*  /  ^  ^  >  / 


/^/o%yo^ 


/  S/  ^ '*■  /^/r^ 


mmwwAwm 


Remarks 


Building  E3i48  -  Bowser  Nto 

Qo^  -^  Nc 

2 

Boi  ^  No 

3 

Building  E2100  -  Bo<>er  ^*o. 

1 

Borier  Nc- 

2 

Bother  No 

3 

Building  El  574  -  Bof^er  Nc 

1 

Botl«r  ^*o 

2 

Boiler  No. 

3 

Building  E3312  -  Bcx:^  Nc. 

1 

Boiler  No, 

2 

Boiler  No 

3 

j  Botier  ^*2 

4 

Boiler  No 

5 

Building  E4160  -  Boiler  No 

1 

Boiier  Nc. 

2 

Boiler  No 

3 

Building  E5126  -  Bo^^  No 

1 

Boiler  No. 

2 

Boiler  No. 

3 

Boiler  No.  4 

Boiler  No. 

5 

Boiler  No. 

6 

Standby  plant 


Boiler  has  been  replaced. 


Very  old  units. 


Very  old  units. 


Very  old  units. 


Very  old 

units. 

Very  old 

units. 

Very  old 

units 

Very  old 

units. 

Very  old 

units. 

New  unit 

being  installed. 
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TABLE  l.S  (CONTINUED) 
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5UNHARY  OF  ALL  ENERGY  CONSERVATION  OPPORTUNITIES  HAVING  SIR  >  1  (ABERDEEN  AREA) 
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TABLE  1.7  (CONTINUED) 
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NOTE  !  NR  indicates  projects  not  recoamended  since  SIR  value  is  close  to  unity. 


SUHMARY  OF  ALL  ENERGY  CONSERVATION  OPPORTUNITIES  HAVING  SIR  >  1  (EDGEWOOD  AREA) 
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TABLE  1.8  (CONTINUED) 
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SUHHARY  OF  ALL  ENERGY  CONSERVATION  OPPORTUNITIES  HAVING  SIR  >  1  (EDGEUOOD  AREA) 
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E5828  -II  -  -  237.2  1776  1014  19058  1.07  MR 

-12  -  -  447.5  3352  2590  19058  1.89  RECOH 


SUMMARY  OF  ALL  ENERGY  CONSERVATION  OPPORTUNITIES  HAVING  SIR  >  1 
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1.4  RECOMMENDED  PROJECTS 


A  list  of  all  projects  recommended  is  shown  in  Table  1.9. 

The  projects  recommended  are  grouped  into  five  PECIP  projects  and 
one  locally  funded  project.  These  are: 


PECIP 

#1: 

Boiler  Trim  Controls 

PECIP 

#2: 

Boiler  Economizer 

PECIP 

#3: 

New  Boiler  Installation  (E3302,  E5126) 

PECIP 

#4: 

Miscellaneous  Boiler  Projects 

(Boiler  Blowdown,  Installation  of  New  Burner) 

PECIP 

#5: 

Miscellaneous  Chiller  Projects 

Locally  funded  project:  Combustion  air  from  ceiling 

Each  of  the  above  five  PECIP  projects  has  total  investment  exceeding 
$100,000  and  a  combined  payback  period  of  less  than  four  years. 

The  only  project  not  meeting  PECIP  or  ECIP  guidelines  is:  Combustion 
Air  from  the  Ceiling.  This  project  has  SIR  value  greater  than  one, 
but  payback  of  more  than  four  years  and  total  investment  below 
$100,000.  As  suggested  by  the  base,  this  project  should  be  locally 
funded  and  no  documentation  is  required. 

The  total  savings  resulting  from  these  projects  are: 


o 

Total 

Annual  Energy  Savings,  Electricity 

=  1 

,326,775 

or 

15,391 

KWH 

MBTU 

Fuel 

Oil 

= 

133,173 

MBTU 

Total 

Annual  Source  Energy  Savings 

= 

148,564 

MBTU 

Total 

Investment  Required 

=  $3,442, 

090 

Total 

Annual  Energy  Cost  Savings 

=  $1,073, 

367 

Annual  Dollar  Savings 

=  $1,069, 

295 

Simple  Payback 

=  3 

. 2  years 

Annual  Base-wide  Energy  Cost 

=  $22,457 

,600 

Percent  Energy  Cost  Savings 

=  4.8% 

The  five  PECIP  projects  are  separately  documented  and  bound.  The 
proposed  operational  date  for  these  projects  is  October,  1988. 
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PROJECTS  RECOMMENDED  CONSIDERING  SYNERGISM 
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PROJECTS  RECOHHENDED  CONSIDERING  SYNERGISM 
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TOTAL  -  -  26,240  196,532  190,463  606,872 


PROJECTS  RECOHHENDED  CONSIDERING  SYNERGISM 
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PROJECTS  RECOHHENDED  C0NSIDERIN6  SYNER6ISH 


cx>  <c 


ti  'a 

^  <x 


t>4  -O  CNI  ITP 

UTS  r«^ 


f-O  -o 

OO  ■»“* 
m  ^  iTj 


hO  ^0  0> 
CO  ira 


o  rs. 


-o 


3 

C_9 


Cv| 


r»*  o* 

to  O'  r—  o*  ^ 
OO  o  —  o  ira 


^  CO  (30 

ro  ro  —  -o  ^ 
O'  o-  u“i  O' 

oT  »o  irT  **o  ^ 


i>j  '•'• 


CNi  r'^  ^  O' 


oi  —  r—  -o  o 

O*  •<-  ITS  fO  CNi 


U")  O'  CM 

f''.  ^  r''  ^  CM 
OQ  CD  ^ 


in  r*  ^ 


^  ^  CM  o 


ui  to 
-o 


o  o 

o  o  <o  OO  tn 
to  O' 

lo  CM  to  lo  in 


o 


o  o  ro 

CM  CM  CM  CM 


m  o  m  in  CM  o 
«■•■■■ 
lo  ^  ^  ro  ^  in 


O'tOIOCM  — 

to  in  O' 
O'  in  O'  <r  o 


OQ  OO  O'  GO  o  to 

o  ^  GO  p"  ^  in 

o  ^  -o  -o  in  to 

^  ^  in 


r"  to  O' 


— ^  JO 

I",  r'. 

t"  in 
in  ^ 


^  CO 


O' 


t''  CM  O'  CM  CM 


o  o  o 

o  CM  OO  O  O 
CM  O 

CM  to  lo  in  to 

1 1 1  1 1 1  UJ  uu  uu 


CJ 

cn 


1-25 


1,227,310  14,237  0  70,180  67,273  263,050 


PROJECTS  RECOHHENDED  CONSIDERING  SYNERGISM 


oa 

CO 


CO  to  CSl  CO 

cr?  o  GO 

CM  eg  04 


UJ 

5^  ^  S 

^  ca  Q£ 
^  >- 
CO  ^  ' 


O  CO  -ct-  CO 
CO  to  iO  CO 


CO  (D  0> 

CO  CO  CO  CO 

CM  CM 

CO*  oo 


00 

LO 


«-3  OS  cn 

S  3  ^ 


cn  -<•> 

C3  ^ 

^  CO 
>-  CJ3 


cu 

LU 


CO 

sz 

GO 


CO 

OG 

cu 


O  CM  to  ««f 
CO  to 

CO  LO  CM 


LO  CO  CO 
LO  CM  CO 
CO  CO  to  CO 


<3-  — <  CO  GO 
CO  CM  o  r- 
CM  CM 


LO 

LO 


—4  CO  CM 


CM  CM  CM  CM 
O  ^—1 

CO  CO  CO  CO 
CO  CO  CO  CO 

UJ  Ui  UJ  CjU 


1-26 


I 


